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The ANAIS experiment aims at the confirmation of the DAM A/LIBRA signal using the 
same target and technique at the Canfranc Underground Laboratory (LSC) in Spain. 
ANAIS detectors consist of large Nal crystals coupled to two photomultipliers (PMTs). 
In this work we present Single Electron Response (SER) data for several units of the 
Hamamatsu R12669SEL2 PMT model extracted from normal operation data of ANAIS 
underground prototypes and we compare them with PMT SER characterization previously 
done at surface lab before coupling them to Nal crystal. Moreover, total light collection 
for different ANAIS prototypes has been calculated, producing an excellent average result 
of 15 phe/keV, which has a good impact in both energy resolution and threshold. 


1 Introduction 

The ANAIS (Annual Modulation with Nal(Tl) Scintillators) experiment PQ |3j is intended to 
confirm the DAM A/LIBRA signal [3] using the same target and technique at the Canfranc 
Underground Laboratory. The ANAIS-25 set-up consisted of two Nal(Tl) detectors of 12.5 kg 
each manufactured by Alpha Spectra (named DO and D1 in this work). It has been taking data 
since December 2012 in order to measure the internal contamination of the Nal(Tl) crystals 
and assess the performance of the detectors. A new Alpha Spectra detector (named D2 in this 
work) with lower internal background [4] was received in March 2015, which added to ANAIS- 
25 modules formed the ANAIS-37 set-up. Every detector has been coupled to two Hamamatsu 
R12669SEL2 PMTs, the ANAIS selected model [5]. In the following we will report on the PMT 
Single Electron Response (SER) data extracted from both set-ups on underground site and 
along normal operation which have been compared with the SER characterization of the PMTs 
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previously performed at Zaragoza (Section 2) and on the estimates of the total light collection 
for all the available detectors (Sections 3 and 4). 


2 SER extraction 


First, the PMTs SER was measured at the Zaragoza test bench using UV LED illumination 
of very low intensity, and triggering in the excitation LED signal. This characterization was 
done for each PMT unit before mounting ANAIS detectors, and allowed to validate the SER 
determination onsite along normal operation of ANAIS detectors at the LSC. The latter was 
performed applying a peak identification algorithm to the data taken at the LSC, building the 
SER by selecting peaks at the end of the pulse of each PMT in order to avoid trigger bias in 
pulses having a low number of peaks to prevent the pile-up of several photoelectrons (phe). An 
example of a pulse fulfilling these conditions can be seen in Figure [la| and the mean pulse of a 
selection of this kind of events is shown in Figure lb The phe area (proportional to charge) 


is integrated in a fixed time window around the peak maximum in order to obtain the single 
electron response charge distribution. The SER charge distribution extracted for the same 
PMT by these two methods is compared in Figure [Tc] showing full agreement between both. 




Figure 1: Pulse with a low number of phe; peaks identified by the applied algorithm are shown 
with red triangles (a), SER mean pulse (b) and SER charge distributions derived at PMT test 
bench (red) and along normal operation (blue) (c). 


3 ANAIS-25 

The light collected by each of the PMTs coupled to the ANAIS-25 modules was calculated by 
dividing the mean value of the charge distribution associated to a known energy deposition in 
the Nal crystal and the mean value of the SER charge distribution derived as aforementioned. 
The 22.6 keV line from a 109 Cd calibration source was used for this study. The result of the SER 
charge spectrum and the 109 Cd line Gaussian fits can be seen in Table [l] (PMT ij corresponds 
to PMT j of detector Di). These results and the global light collection of the two ANAIS-25 
detectors are summarized in Tabled] The 109 Cd line resolution is also calculated and is shown 
in Table [3] These results confirm the prototypes outstanding light collection and its impact 
in resolution. The very good optical performance of the Alpha Spectra modules evidenced by 
these figures is very promising in order to reduce the energy threshold below 2 keVee [6]. 
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PMT 

SER mean 
mV-ns 

SER er 
mV-ns 

22.6 keV mean 
mV-ns 

22.6 keV cr 
mV-ns 

00 

35.47 ±0.35 

21.73 ±0.25 

6122 ±2 

669 ±2 

01 

29.42 ±0.21 

18.81 ±0.24 

5057 ± 2 

568 ±2 

10 

41.20 ±0.25 

28.30 ±0.21 

7139 ± 4 

809 ±4 

11 

44.52 ± 0.29 

24.36 ± 0.24 

7570 ± 4 

825 ±3 


Table 1: ANAIS-25 values for SER charge distribution and 109 Cd 22.6 keV line Gaussian fits. 


PMT 

PMT 

phe/keV 

Detector 

phe/keV 

00 

7.64 ±0.08 

15.24 ±0.09 

01 

7.61 ±0.05 

10 

7.67 ±0.05 

15.19 ±0.07 

11 

7.52 ± 0.05 


PMT 

PMT 

cr/E (%) 

Detector 
<r/E (%) 

00 

10.93 ±0.03 

8.51 ±0.03 

01 

11.24 ±0.04 

10 

11.33 ±0.05 

8.59 ± 0.04 

11 

10.90 ±0.05 


Table 2: ANAIS-25 light collection. Table 3: ANAIS-25 resolution at 22.6 keV. 


4 ANAIS-37 

The same procedure was repeated with ANAIS-37 setup data. In this setup the operating 
voltages of the DO and D1 detectors were increased in order to better study the low energy 
region and for this reason the SER values are higher. The voltage of the new detector (D2) was 
selected to have a 10 6 gain value in both PMTs in order to explore the high energy region [Bj. 
The results of the SER charge distribution and the 109 Cd 22.6 keV line Gaussian fits can be seen 
in Table [4j The light collection for every PMT and detector can be observed in Table [5j The 
newly extracted values for DO and D1 are compatible with those obtained for ANAIS-25 (see 
previous section). Good values for the new D2 (~ 16 phe/keV) have also been measured having 
again a good impact in terms of energy threshold and resolution, crucial for the sensitivity to 
WIMPs annual modulation. 


PMT 

SER mean 
mV-ns 

SER a 
mV-ns 

22.6 keV mean 

mV-ns 

22.6 keV a 

mV-ns 

00 

61.47 ±0.36 

35.02 ±0.32 

10257 ± 5 

1126 ±4 

01 

58.40 ±0.71 

43.06 ±0.51 

10425 ± 5 

1166 ±4 

10 

83.24 ±0.55 

46.52 ±0.51 

12820 ± 5 

1463 ± 4 

11 

73.91 ±0.74 

42.04 ± 0.52 

12740 ± 5 

1404 ± 4 

20 

42.70 ±2.10 

25.42 ± 1.79 

7928 ± 5 

909 ±6 

21 

44.57 ±2.10 

26.67 ± 1.95 

8155 ±6 

930 ±6 


Table 4: ANAIS-37 values from SER charge distribution and 109 Cd 22.6 keV line Gaussian fits. 
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PMT 

PMT 

phe/keV 

Detector 

phe/keV 

00 

7.38 ±0.04 

15.26 ±0.10 

01 

7.88 ± 0.09 

10 

6.81 ±0.05 

14.44 ± 0.09 

11 

7.62 ± 0.08 

20 

8.21 ±0.40 

16.31 ±0.56 

21 

8.09 ± 0.38 


PMT 

PMT 
<t/E (%) 

Detector 
a/E (%) 

00 

10.97 ±0.04 

8.73 ±0.03 

01 

11.18 ± 0.04 

10 

11.40 ±0.03 

8.80 ±0.03 

11 

11.02 ± 0.03 

20 

11.46 ±0.07 

8.99 ±0.05 

21 

11.40 ±0.08 


Table 5: ANAIS-37 light collection. Table 6: ANAIS-37 resolution at 22.6 keV. 


5 Conclusion 

The PMTs single electron response was characterized along detectors normal operation and 
compared with the previous PMTs measurements showing a full compatibility among them. 
Using this extraction, an excellent light collection for the three ANAIS detectors, of the order 
of ~15 phe/keV, has been measured. Thanks to this, an energy threshold for the ANAIS 
experiment at 1 keVee is at reach, depending now on improving the filtering protocols for PMT 
origin coincident events, which would significantly improve the sensitivity of the ANAIS Project 
in the search for the annual modulation effect in the WIMPs signal 0. 
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